This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant 

Defects in the images may include (but are not Umited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• *^KE#ED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not Correct images, 
please do not report the images to the 
Image Problem Mailbox, 



per 



unltl I) IMI I I.I.< M AI. IMiniM IllVnlKiANI/.AIION 
(MK'Mi:iiiitn:il lliiKMU 




i,. TEKNA l lONAL AI'I'LICM ION l-UHLISML U UNDIIK niR I'A ■ UN I COOI-HKA HON TREA TY .PCn 



(51) Inlernaiionul Paleni ClnssificaiMm : 

C07D40l/O4,A61K 31/^4 



A I 



1(11) Iniernaiioiial Tublicalion Number: 
' (43) Inlernalional I»ublica(ion Date: 



WO 93/M082 

22 Julv I993(22.U7.93) 



(21) International Application iNiiniber: 

(22) International Filini; Date: 



(30) Priorilv data: 

, ()7/819.552 



(60) Tarent Application or lirant 

(()3) Kelated bv Coiitinuaiion 
US , 
Filed on 



iw - r t 'S^M '(H)f»7^ I (72) hncniors: and 

1 1 I IS)} mu. I ,,„.^,„„„/^pp,i,^„„ ,„,r US only, : ADAMS. Jerrv Lemy 

imn , I • 111 oil i il'S'l'Sl' ()ll Foresi Road. Wnvne. I'A 19087 (Ubi. 

I.J.nn.rv 1993(1.01.931 t '.^^Ji^^^^ 

Uoad. Ilarlevsville. I'A 19438 (US). GARIGIPAII. 
vi. Slianker'|IN/US|: 5 Flimiocic Lane. Wayne. I'A 
13Januan- 1992(13.01.92) IS j 19087 (US). 

! (74)Auenis: DINNFK. I)i*ra. L. ct al,: SmtihKlinc Hcecliam 
* Corporation, Corporate Patents - U.S. UW2220. 709 
. ^ Swedeland Road. I'.O. Box 1538. King of Prussia. PA 
07 819.552 (CIP) I 19406-0939 (US). 

13Jamiarv 1992(13.01.92)1 



(71) Applicant nor ail desmaied States ^'^7;' f;?^;, .^.^^^^ 

KLINE DEECHAM COIU'ORATION I JS/USI, ( ne 

Franklin Plaza. P.O. Box 7929. Philadelphia. PA 19101 

lUS). 



(81) DesiRnated States: AU. CA. JP. KR. US. European patent I 
(AT. BE. CIL UE. DK, ES. FR. GB. GR, IE. IT. LU. 
MC. NL. PT. SE». 



Published 

WUh international search report. 

Before the expiration of the time limit tor amendmn the 
claims and to he repttbiished in the evem at the receipt of 
(intendments. 



I (54) nilc: PYRIDVL SUBSTITUTED IMI0AZULL5 

i 
I 

I (57) Abslnici 

i Tl,e novel compounds ot for.nula ,1, lu.ve hcen .ou„d ,o be use.ul cv.okine suppresive ugen.s and .l.ereiore useful in d.e 

ireaimeiit .ind propliylnxis ol disease stales mediated thereby. 



which hnve rylnkinr .^l IP';"'^'. n;* tL-l. IL-fi. ««» 

fnctor ()y monocytM ol 0.5-:J.r) mM. 



I OK Hit viiRrosES or iNt ormation only 



Codes uscil to ideniify Slates paiiy to the VC\ on \Ut front pages of |)nnH>hIels puhlishinR iniei national 
applications under the . 



AT ^l»^lrl.| 

All AuNlrjItu 

OB UarhjJo^ 

B£ Dclpuni 

BF Uurkinj (-u>o 

BC Hultt^iriu 

BJ UcHin 

BR llr;i/il 

CA CjnaJ.i 

( tinrj) AI1H.J11 ktpuhlic 

CM Swtt/ci Ijitil 

CI ( 6lc d'lvnni; 

CM ( JOILTINIH 

CS I ( /ITllnnluV.lWn 

C2 . < /evil Kc|iul»Iu 

DC iicfni.itiy 

DK lK:itnKirk 

ES . Stviio 

Fl > HiitljitJ 



FR It.ittiL 

CA (iiitMitt 

CB llniluJ Kiti^Joiit 

GR (iiccn; 

tlU MiiM^ury 
IK . licl.iMiJ 

IT n.ily 

JP J.i|i;tri 

Ill kotca 
KK kLpuhiK of K»Hi;;i 

I.I I iL'ttllVltllCMl 

i.K Sm I .inL.i 

I II I i»\cn>t>«""i; 

KM' Mmt.iLU 

Ml M.I I. 

MN Mu<ii;uliu 



MR M.ii«rit.tiM:i 

MW M.i(iiwi 

NL NctliLflaiiJN 

NO Nofwj) 

NZ Ncv» 7A:ul:iitiJ 

n. I'ttl.Mul 

PT |Sir(u|:.»l 

R() K(in);irti;t 

RU Ru'.'.iaM I t;dv.f:HHiti 

Sl> SuJan 

SF ' S*ttlcn 

SK SItiv.il. Rcpuhlii 

SN Scucyyl 

SV; Sovicl Utiioii 

1 O ( )i..d 

k: i«»ko 

OA Ulr:ii"c 

IIS UnHtJ SUiCN "-r AiHcruii 

VN VitI N;int 



I 



wo 9:*/ 1 4082 



-1- 



rCi7US93/00675 



I'YUJJJYL SUUSTl'lUrUD 1MJ.DAZOLLS 



I 0 I IIM DOI- TH I- INVI-N I ION 

Tliis i.>venUO» relates to novel coinpoiincis and nicO.ods of ireaiing 
intcrlcukin- 1 (lL-1). imcrlcukin-8 (IL-S). and Tumor Necrosis Factor (Vm 
mediated diseases. 

1 5 uArKCROUNDnPTHr iNVUNTlON 

lnterleukin-1 (lL-1) and Tumor Necrosis Factor (TNF) are biological 
substances produced by a variety of cells, such as ntonocy tes or nucrophages^ IL- 1 
l.as been denionstrated to mediate a variety of biological acuvilies thought to be 
imponant in im.nunot^gulaiion and oU,er physiological conditions such as 

2 0 innammation [See. e.g.. Dinarello e« al.. Rev Infect. Diseas, , 6. 51 (1984)1. The 

,„yriad of known biological activities of IL- 1 include the activation of T helper cell 
induction of fever, stimulation of prostaglandin or collagenase production, neutroph.l 
chemotaxis. induction of acute phase protei.is and U>e suppression of plasma iron 

2 5 niere are many disease states in which excessive or unregulated IL- 1 

productiott is implicated in exacerbating and/or causing the disease, lltese include 
rheun.atoid anltritis. osteoarthritis, endotoxe.nia and/or toxic shock syndrome, other 
acute or chronic innamn.atory disease states such as tlte inna.nmato.y reacuon 
induced by endotoxin or infiamniatory bowel disease; tuberculosis. aU,eroscleros.s. 
• 3 0 muscle degeneration, cachexia, psoriatic anhritis. Reiters syndron,e. rheun.ato.d 
anhritis. gout, traumatic arUuitis. rubella arthritis, aitd acute synov.us. Recent 
evidence also li.tks IL- 1 activity to diabetes aiid pancreatic li cells. 

Dinarello. LCMcaUmmui^ ^ (5). ^87-297 (1985). reviews 
^ 0,e biological activities which have been attributed to IL- 1 . It should be noted that 
3 5' • some of these effects have been described by others as indirect effects of IL- . 

Excessive or unregulated TNF production has been implicated m 
.nediaung or exacerbating a number of diseases including rheumatoid anlmtis. 
rhetimatoid spondylitis, osteoanhntis. gouty arthrius and otl,er arthntic conditions; 
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. sepsis, scpiic shock, cndoioxic slicKk, grain negalivc sepsis, loxic shock syndrome, 
aduh respiratory distress syndrome, cerebral malaria, chronic pulmonary 
inflammatory disease, silicosis, pulmonary sarcoisosis, bone rcsoq)Uon diseases, 
rcperfusion injury, graft vs. host reaction, allograft rejections, fever and myalgias due 
5 to infection, such as influenza, cachexia secondary to infection or malignajicy, 

cachexia, secondary to acquired immune deficiency syndrome (AIDS), AIDS, ARC 
(AIDS related complex), keloid fonnation, scar tissue fonnaiion, Crohn's disease, 
ulcerative colitis, or pyresis. 

AIDS results from die infection of T lymphocytes with Human 
1 0 InUnunodencicncy Virus (I UV), At least ilut:e.ty|)cs or strains of lilV have been 
identified, i.e., HIV- 1 , HI V-2 and HI V-3. As a consequence of HIV infection, T- 
' . cell mediated immunity is impaired and infected individuals manifest severe 

opportunistic infections and/or unusual neoplasms. HIV entry into ilie T lymphocyte 
requires T lymphocyte activation. Other viruses, such as HIV-1, HI V-2 infect T 

1 5 lymphocytes after T Cell activation and such virus protein expression and/or 

replication is mediated or mainuiined by such T cell activation. Once an activated T 
lymphocyte is infected witli HIV, ilie T lymphocyte must continue to be maintained in 
an activated stale to pennit HIV gene expression and/or HIV replication. Monokines, 
specifically TNF, arc implicated in activated T-cell mediated HIV protein expression 

2 0 and/or virus replication by playing a role in maintaining T lymphocyte activation. 

'Hierefore, interference wiUi monokine activity such as by inhibition of monokine 
production, notably TNF, in aji HIV-infected individual aids in limiting the 
:maintenance of T cell activation, tliereby reducing Uic progression of HiV infectiviiy 
to previously uninfected cells which results in a slowing or elimination of die 

2 5 progression of immune dysfunction caused by lilV infection. Monocytes, 

macrophages, and related cells, such as kupffer and glial cells, have also been 
implicated in maintenance of the HIV infection, lliese cells, like T-ccUs, arc targets 
for viral replication and llie level of viral replication is dependent upon the activation . 
state of the cells. [See Rosenberg ct_al.. T\\t Immunopatliogenesis of HIV Infection, 

3 0 Advances in Immunology, Vol. 57, (1989)). Monokines, such as TNF, have been 

shown to activate HIV replication in monocytes and/or macrophages [See Poli, et al., 
Proc. Nad. Acad. Sci., 87:782-784 (1990)]. dicreforc, inhibition of monokine 
production or activity aids in limiting HIV progression as slated above for T-cells. 

TNF has also been implicated in various roles witii otlier viral 
3 5 infections, such as die cyiomegalia virus (CMV), infiuenxa virus, and die herpes 
virus for similar reasons as those noted. 

Interlcukin -8 (IL-8) is a chemotactic factor first identified and 
characterized in 1987. U-8 is produced by several cell types including mononuclear 
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cells, fibroblasts. ciKloliicliai cells, and kciainocyics. Its |)r()ducuon from cndotliclidi 
cells is induced by IL-1, TNF. or lipopolysachharidc (LPS). Human IL-8 lias been 
shown to act on Mouse, Guinea Pig. Rat. and Rabbit Neutrophils. Many different 
names have been ajjplicd to lL-8. such as ncuto|)hil aiaaciarrtyaclivation protein- 1 
5 (NAP- 1), monocyte derived iieuu-ophil clieinoiaciic factor (MDNCF). neutophil 
activating factor (NAF). and T-cell lymphocyte chemotactic factor. 

11-8 sumulaies a number of functions in viuo. It has been shown to 
have chemoatuactant propenies for neuiophils. T-lymphoculcs. and basopliils. In 
• addiuon it induces histamine irlease from basophils from bolli nonnal and atopic 
r 0 individualss as well as lysozomal enzyme release and respiratory burst from 

neutrophils. 11-8 has also been shown lo iucrcsc the surface expression of Mac- 1 
(dpi lb/CD 18) on nuetophils without de novo protein sytithesis, this may contribute 
to increased adhesion of Ute neutrophils to vascular endothelial cells. Many diseases 
arei characterized by massive neuUTjphil inniiration. Conditions associated with an 

1 5 increased in lL-8 ptwluctioii (wliicii is restx)nsible lor chcmotaxis of ncutophils into 

the inOammatory site) would benent by contpounds which are supprcsive of lL-8 
production. 

IL- 1 and TNF affect a wide variety of cells and tissues and llicse 
cytokines as wcU as oilier leukocyte derived cytokines arc imponani and critical 

2 0 innanimaiory mediators of a wide variety of disease states and conditions. Tlie 

inhibition of these cytokines is of benent in controlling, reducing and alleviating 
•many of these disease states. 

'Diere remains a need for treatment, in tliis Ticld. for compounds wliich 
aie cytokine suppresive anti-innammatory drugs (hereinafter CSAID's). i.e. 

2 5 compounds which are capable of inhibiting cytokines, such as IL- 1, IL-6. lL-8 and 

. TNF. 

■SUMMARY OnHF. INVENTION 

Tills invention relates to the novel compounds of Fonnula (1) and 

3 0 phannaceutical compositions comprising a compound of Formula (I) and a 

phannaceutically acceptable diluent or carrier. 

This invention also relates to a meUiod of ueating a cytokine mediated 
disease, in a mainmal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Fonnula (I). 
3 5 Tliis invention more specifically relates to a nieUiod of inlubiung tlie 

prxxluction of lL-1 in a mammal in need thereof which comprises administering to 
said maniinal an effective amount of a compound of Fonnula (1). 
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lliis inveiiiioti more si)ccincally relates to a ineiliod of inliibitiiig tlie 
production of lL-8 in a mammal in need thereof whicli comprises administering to 
said mammal ati effective amount of a com|X)und of Fonnula (I). 

Tliis invention more specifically relates to a inetliod of inliibiling tlie 
5 production of TNF in a mammal in need tlicrcof whicli comprises administering to 

said mammal an effective amount of a compound of Fonnula (I). ^ 

I'his invention more specifically relates to a metliod of U^eadng a 
human, afflicted wiili a human immunodeficiency vims (1 11 V), which comprises 
administering to said human an effective TNF inhibiting amount of a compound of 

1 0 Fonnula (I). 

Ilie novel compounds of this invention are represented by the 

15 o-^^^^^ ^ ^ - "^ 

wherein \ 
R\ is a mono- or di- substituted 4-quinolyl, 4-pyridyl, 1-imidazolyl, 1- 

benzimidazolyl. 4-pyrimidinyl wherein the subsiiiueni is independendy 
selected from die group consisdng of hydrogen. Ci-4 alkyl, halo. 

2 0 O-Ci.4 alkyl. S-C1.4 alkyl. or N(Ra)2; 

Ra is hydrogen. C 1 -ealkyl, or Rg togedier widi the nitrogen, may form a heterocyclic j 

ring of 5 to 7 members, said ring optionally containing an addidonal 

heteroaiom selected from tlie group consisdng of oxygen, sulfur or nitrogen; • 
R2 is mono- or di-subsdtuted phenyl wherein ilie subsitutenis arc independendy 
2 5 selected from the group consisting of hydrogen, halo. S(0)mR5» 0^6^ '^^^ 

subsututed Cl-4 alkyl. Ci-4 alkyl. or N(Ri2)2; 
R4 is hydrogen. Cl-iO alkyl. C2-IO alkenyl. C2-IO alkynyl. C3-7 cycloalkyl. C5-7 

cycloalkcnyl. hcterocycUc. heterocyclicaikyl. aryl. aryl alkyl. hetcroaryl, 

heteroaryl alkyl ; 
3,0. R3 is (X)r(Q)s-(Y)i; 
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X is hydrogen. -(C(R|o)2)n . -NK13. -0-. or S(0),„; 
r is a number having a value of 0 or 1 ; 
in is a number having a value of 0, 1 or 2; 

Q is nlkenyl. alkynyl, cycloalkyl. cycloalkcnyl, hcierocyciic. hctenx;yclicalkyl. aryl, 
3 arylalkyl. hctcroaryl, or hctcroarylalkyi; 

s is a number having a value of 0 or 1; 

Y is a subsliiuent selected from llic group consisting of hydrogen. Cl-iO alkyl. 

halo-substituicd Ci-io alkyl. halogen. -(C(Rio)2)nOK8. -(C(Riu)2)nN02. 
•(C(R|o)2)nS(0)m-Rl 1. -(C(Rio)2)nSR8. -(C(Rio)2)nS(0)m-OR8, 
1 0 -(C(Rio)2)nS(0)m'NR8K9. -Xa-l'(Z)-(XaRi3)2. -(C(Rio)2)nNR8l^. 

-(C(Rio)2)nC02R8. -(C(Rio)2)nOC(0)-R8. -(C(Rio)2)nCN. 
■(C(Rio)2)nCONR8R9. -(C(Rio)2)nC(S)NR8R9. -(C(Rlo)2)nNRloC(0)R8. 

-(C(R|o)2)iiNRioC(S)R8, -(C(Rio)2)nNRi()C(Z)NR8R9. 
-(C(RK))2)nNRioS(0)niRll.-(C(Rio)2)nNRioC(=NCN)-S-Rii. 

1 5 -(C(Rio)2)nNRioC(=NCN)-NR8R9. -(C(Rio)2)nNRioC(0)C(0)-NRgR9. 

'(C(Rio)2)n NRioC(0)C(0)-ORio. -(C(Rio)2)nC(=NRio)-NR8R9. 
-(C(Rio)2)n-C(=NRio)-ZRi 1. -(C(Rio)2)n-OC(Z)-NR8R9. 
-(C(R|o)2)nNRioS(0)n,CF3.-(C(RK))2)nNRioC(0)ORio; 
t is an integer having a value of 0. 1. 2, or 3; 

2 0 Xa is independently -(C(R io)2)n. -NRs-. -O- or -S-; 

Z is oxygen or sulfur, 

m' is an ingetcr having a value of 1 or 2; 

n is an integer having a value of 0 to 10; 

R5 is hydrogen, C1.4 alkyl. C2-4 alkenyl, C2-4 alkynyl, C3-7 cycloalkyl, C5-7 
2 5 cycloalkenyl, aryl. or N(R7)2; provided tlial when m is 1 or 2 Uien R5 is not 

hydrogen. 

, Rg is hydrogen, C1.4 alkyl. halo substituted C 1.4 alkyl. C2-4 alkenyl. C2-4 alkynyl. 
C3-7 cycloalkyl, C5-7 cycloalkenyl. or aryl; 
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K7 is liydrogen, C1.4 alkyl. C2-4 alkcnyL C2-4 alkyiiyl, aryl, or may fonn a 
heterocyclic ring of 5 to 7 members togcllier will) the iiilrogen. said ring 
optionally containing aji additional hclcroalom selected from tlie group 
consisting of oxygen, sulfur or niuogen; provided that when R5 is N(R7)2 
5 then m is 1 or 2; 

Rg is hydrogen, Cl-lO alkyl. C2.IO alkenyl, C2-10 alkynyl. C3-7 cycloalkyl. C5.7 
cycloalkenyl, heterocyclic, heterocyclic alkyl, aryl, aryl alkyl, hcteroaryl, 
hcteroaryl alkyl ; 

Ry is hydrogen, Cj-iQ alkyl, C2-IO alkenyl, C2-IO alkynyl, C3.7 cycloalkyl, C5-7 

1 0 cycloalkenyl, aiyl, aryl alkyl, hcteroaryl, hcteroaryl alkyl or Rg aiid R9 may 

together fomi a heterocyclic ring of 5 to 7 members logetlier with die 
! nitrogen, said ring optionally containing an additional heteroatom selected 

from the group consisting of oxygen, sulfur or nitrogen; 
Rio is hydrogen, or C1-4 alkyl; 
15 R|i is Ci-io alkyl, C2-I0 2tlkenyl, C2-IO alkynyl, C3-7 cycloalkyl, C5-7 
cycloalkenyl, aryl, aryl alkyl, hcteroaryl, hcteroaryl alkyl ; 
R12 is hydrogen, Cm alkyl, aryl, or may fonn a heterocyclic ring of 5 to 7 members 

togcllier witli llic nitrogen; 
Rl3 is hydrogen. Cj-lQ alkyl, cycloalkyl, heterocylic, aryl, aryl alkyl, hcteroaryl, or 

2 0 ' hcteroaryl alkyl; 

or a phantiaceuucally acceptable salt thereof. 

2 5 OFTAILED D ESCRIPTION OF THE INVENTION 

'Iliis invention relates to a metliod of inhibiting tlie production of 
cytokines in a mammal in need thereof which comprises adininisteritig to said 
mammal an effective amount of a compound of Fonnula (1). 

3 0 llie compounds of Fomiula (I) arc useful in the treatment of viral 

infections, where such viruses are sensitive to upregulauon by TNF or will elicit TNF 
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producuon in vivo. The viruses contcnplaicd for m:ain)cm l,en.in an. U.ose U.al 
produce TNH as a .csull of i..fcciion. or ti.osc which are scnsiuve to iuhibilion. such 
as by decn^aseU replication. direcUy or indirectly, by tl.e TNF inlubitors of Fonnula 
(1) Such viruses include, but an: not limited to; IilV-1 . mV-2 ai.d HIV-3. 
3 Cylon,egalovirus (CMV). Innuenza. adcnovinis and the Hetpes group of viruses, 
such as but not limited to. Herpes Zoster ajid Herpes Simplex. 

nus invention more specifically relates to a metltod of treating a 
lunnan affiicted with a lunnan immunodeficiency virus (HIV), which comprises 
1 0 ad,ninistering to such n>anunai an effective TNF inhibiting amount of a co.n,x>u..d of 
ronuula (I). 

The compounds of Fonnula (1) n,ay also be used in association with the 
, veterinary treatment of animals, other than in humans, in need of inhibiuon of TNF 
15 ' prixiuction. TNF mediated diseases for treatment, therapeuucally or prophylact.cally. 
in animals include disease states such as Utose noted above, but in paiiicular vtral 
infections. Examples of such viruses include, but are not lin.ited to. U,e lenuvirus 
infecuons such as equine infectious anaemia virus, caprine arthritis virus, visna vmis. 
or die maedi virus, or the retroviruses, such as feline unn.unodeficiency virus (FIV). 
2 0 bovine immunodeficiency virus, or canine i.nmunodeficiency vuiis. 

For purposes herein of ..omenclature the compounds of Formula (I) 
are named by their position corresponding to: 



25 



30 



Preferred compounds of Fonnula (1) are Uiosc wherein R4 is 
hydrogen or CmO alkyl. More prefe^ed is where R4 is hydrogen or methyl. 

Preferred R, moieties are 4-pyridyl and 4-quinolyl. More preferred rs 
4-pyridyl A preferred subsitutent for all R, moieites is Cm alkyl. more preferably 
.neihyl. Most preferred for R, is a 2-alkyl-4.pyridyl. such as 2-.r,eU,yl-4.pyndyl. 

Preferred R2 subsutuent groups on drc phenyl ring are hydrogen or 
halogen. Preferred halogens are Huoro and chlon,. Preferred ring subsUtuuon rs rn 

ihc 3- and 4-posiuons. 



I 
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By the icrm "halo" as used herein is meant aJI haJogcns, i.e., chloro, 
fluoro. bronio ajid iodo. 

By tJ)e icnn "Ci.iQalkyl" or "alkyl*' groups as used herein is meant to 
5 include both straight or branched chain radicals of 1 to 10 carbon atoms. unJess die 
chain length is limited dicrcto, including, but not limited to mediyl. ethyl, n-propyl. 
isopropyl. n-butyl, sec-butyl, isobutyl. tcrt-butyl. and the like. 

By the tcmi "heterocyclic" as used herein, in aiiy combination, sucli as 
0 "heterocyclic alkyl" is meant a 5- 10 mcmbered ring system in which one or more 

rings contain one or more hcicroatoms selected from the group consisting of N, O. or 
S; such as but not limited to pyrrolidine, piperidine. piperazine. morphoUne. 
imidazolidinc. or pyrazolidinc. 



^ I'le tenn "aryl" as used herein is meant phenyl, or naphlhyl. 

By the tcnn "heteroar>'I" as used herein, in any combitiation. such as 
"heteroaryloxy". is meant a 5- 10 membered aromatic ring system in which one or 
more rings contain one or more heieroaioms selected from Uie group consisting of N. 
0 O or S; such as. but not limited, to quinoline, isociuinoline. pyridine, pyrimidine, 
oxazole, lliiazole, lliiadiazole, triazole. imidazole. 

By the tcnn "suirinyl" as used herein is meant tlie oxide of iJie 
corrcs[>onding sulfide. By the term "thio" as used herein is meant the sulfide 

5 

By the tenn "mammal" as used herein includes humans. 

By ilie term "inhibiting tiie production of the cytokine (lL-1. lL-8 or 
TNF)" is meant 

a) a decrease of excessive in vivo levels of tlie cytokine (lL-1. lL-8 or 
TOF) in a human to nonnal levels or below nonnal levels by inhibition of tlic in vivo 
release of the cytokine (lL-1, IL-8 or TNF) by all cells, including but not limited to 
monocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels 
of the cytokine (IL-1, IL-8 or TNF) in a human to nonnal levels or below nonnal 
levels; or 

c) a down regulation, by inhibition of the direct synilmsis of tiic 
cytokine (IL- 1 . IL-8 or TNF) as a postrnnslaiional event. 
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ll) a down rcgulaiioii, at ilic iranslaiional level, of excessive in vivo 
levels of (lie cytokine (IL- 1 . IL-8 or TNI-) in a human to nonnal or sub-nonnal 
levels. 

5 By the lenn "TNP mediated disease or disease stale" is meant ajiy and 

all disease states in wh\c\\ TNF plays a role, cither by producuon of TNF ilsclf, or by 
TNF causing another monokine to be released, such as but not limited to lL-1, or IL- 
ri. A disease state in which IL-l, for instance is a major component, and whose 
production or action, is exacerbated or secreted in rcs|X)iise to TNI-, would lliercfore 
I 0 be considered a disease stated mediated by TNF. 

By the tenn "cytokine" as used herein is meant any secreted 
fxjiypeptide that affects ilic functions of cells and is a molecule which modulates 
interacuons between cells in Uie immune, iiinammatory or hematopoietic response. 

1 5 A cytokine includes, but is not limited to, monokines and lymphokincs legardJess of 

which'cclls produce llicm. For insiancc, a monokine is generally referred to as being 
produced and secreted by a mononuclear cell, such as a macrophage and/or monocyte 
but mafiy other cells produce monokines, such as natural killer cells, fibroblasts, 
basophils, neulraphils, endothelial cells, brain astrocytes, bone manow stromal cells. 

2 iO epideral. keradnocytes, and B- lymphocytes. Lynipliokines are generally refeircd to as 

being pnxluccd by lympiioctyc cells. Examples of cytokines include, but arc not 
limited to, Interlcukin-1 (IL-l), Interlcukin-6 (lL-6). Tumor Necrosis Factor-alpha 
(TNF-a) and Tumor Necrosis Factor beta (TNF-B). 

2 5 By iJie term "cytokine interfering or cytokine suppresivc amount" is 

meant an effective amount of a compound of Fonnula (1) which will, cause a decrease 
in the in ivo levels of the cytokine to nonnal or sub-nonnal levels, when given to the 
patient for the prophylaxis or Uierapeuuc treaunenl of a disease state which is 
exacerbated by, or caused by. excessive or unregulated cytokine production. 

30 

As used herein, llie cytokine rtfercd to in tlie plirase " inhibition of a 
cytokine, for use in llie treaunenl of an lUV infecied human" is a cytokine which is 
implicated in (a) Uic initiation and/or maintenance of T ccU activation and/or activated 
T cell-mediated HIV gene expression and/or replication, and/or (b) any cytokine- 

3 5 mediated disease associated problem such as cachexia or muscle degeneration. 



As TNF-B (also known as lymphoioxin) has close sinjciural 
liomology witii TNF-a (also known as cachectin) and since each itjduces sii 
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.U„06ic responses and binds » d,c sa.,. ccUuia, recep.or. boU, TNF-a and TH^ 
I ,Li,=d by d,= con,p„u.,ds of 0,= prcscn, invcnUon and d.us a. ,...n .feted 
,0 collcccivcly as "TNF n.dcss specincally dcli.iealed od.erw,se. 

< n,c compounds of d,= piesen, invento n,ay conUin o.» or more 
. synnnerric carU,,, a,oms and n,ay exis, n, raceunc a,K. upncaUy acdvc (onus A of 
tL con,^unds a. con,en,pla,ed ,o U= «iU,in rbe scope of d,e p,esen en.,on. 

ilxcmplincd compounds of Fomiula (1) arc: 
1 0 l-(4-pyridyl)-2-(4-nuoropiienyl)-4-phcnyli.nidazolc; 

l.(4-pyridyl)-2-(4-nuorophcnyl)-4-(4-hydroxypl.cnyl) imidazole; 
'■■ i.(4-pyridyl)-2-(4-nuoropl.cnyl)-4-(4-UuomeUiylpl.cnyl)inudazolc; 
, ,-(4-pyridyl)-2-(4-nuoropl.enyl)-4-(4-mcilwlsuinnylphenyl)un.dazole; 
l-(4Jp.yridyl)-2-(4-nuoix,phenyl)-4-(4-meawlsulfonylphenyl) imidazole; 

1 5 l.(4-pyridyl)-2-(4-nuorophenyl)-4-meil.ylinudazole; 

1 -(4-t)yridyl)-2-{4-N.N-dimclhylaminonielhy IpLenyl) imida7X)le; 

l-(4-pyridyl)-2-(4-nuoroplicnyl)-4-(benzyloxy) imidazole; 
l.(2-melhyl-4-pyridyl)-4-(4-.nea,ylsuirmylphenyl)imidazolc; 

l-(2-metliyl-4-pyridyl)-4-(4-iluomelhylphenyl) imidazole; or 

2 0 l-(2-melhyl-4-pyridyl)-4-(3-chlorophenyl) imidazole. 



25 



Mrrnons of prfparation: 

;n^;;;;;^npounds of ron„.la (1, c™ be earned on, by one 
of skill in .be an acconling .o U,e procedures ourlined in U» Exanrples, mSm- 
;.Zu"n of any ,e,„ai„Lg con„»unds of Fonnula <„ no, described U.,e„, n,ay 1» 
prepared by the analogous processes disclosed licreni. 
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Z = CN, CO2R 



Scheme I 

Compounds of lliis iiivciuion (wherein r is 0, and s is 1) may be prepared 
5 starling from llic a-amino esters or nilriles 1 (illustrated in Scheme 1 for an aryl 
compound, but tlie method is also applicable to alkyl a-ainino esters or nitriles). 
Compounds 1 arc readily available from tlie corresponding aldehyde using tlie 
Strecker procedure or other standard metluxls. Acylalion of 1 willi an acid chloride 
affords the amides 2, which are converted to the aldehyde ainides,3. citlier directly 
1 0 by reducuon witli the appropriate hydride-based reagent, for example when Z = CN 
or CO2R by reduction with diisobulylaluminum hydride (DIDAL), or for Z = CO2R 
by first reduction of the ester to the aicohoK followed by subsequent oxidation back 
to the aldehyde oxidation slate of compound 3. Alteniatively, in some cases it may 
be more convenient to begin witli compound 1 as tlie protected alcohol or aldehyde [Z 

1 5 = CH2OR or CI l(OR)2 ] and subsequenUy dcproiect and oxidize if needed 10 prepare . 

3 following the initial acylation step (1 to 2). Reaction of 3 with the required amino 
heierocyclc (Ri lerm) using acidic catalysis affords compound 4. The R2* moiety 
represents tlie generic subslitution tenns as used for the R2 moeity in fonnula (1). 
Tlie R2' and Y subsiituent groups are suitably unreactive moieties under the 

2 0 conditions noted above. Reactive substiiuenl groups, such as Uic S(0)m moiety of 

Rt under conditions when Z is CO2R and tlie Collins reacuon is used, etc., are 
readily obvious to one skilled in the an. 
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1 0 



1 5 



Scheme II 

An addilional mcUiod of imidazole synUiesis utilizes U)c amides 5 prepared 
from readily available starting materials using standard coupling chemistry, such as 
that employed for U,e synUiesis of pedtides (Scheme II). In addition more vigorous 
methods such as Uic reaction of U.e ester or acid of tlie acyl partner and tlie 
appropriate heterocyclic amine (for tlie example in Scheme n. 4-aniinopyridine) at 
elevated temperatures lOO-BOOo c with or wiUiout a solvent may be used to prepare 
5. Conversion of 5 to the imidoyl halidc 6 followed by reaction with an a-amino 
niirile (available as llie initial product of the Strxxkcr symhesis used in Scheme 1) 
produces the arnidine of structure 7. Rcducuon of the nitrile wiU, a tnctal hydride 
reducing agent, preferably diisobutylaluminum hydride (DIBAL), affords U.e 
intemiediate imine which can be cyclizcd. preferably wiili acid in a subse^iucnt step to 
afford 8. 
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Nal, acetone 



N 




R3 BaMnO^, diCi-ethane. A 




Scheme III 

Condensation of the imidoyl halidc 6 (illustrated in scheme 11) may 
also be performed with an aziridine to form the amidine derivauve 9 (Scheme HI). 
Reaction of 9 with an alkili halide in an appropriate solvent, preferably Nal in acetone 
yields Uie intermediate dihydroimidazole 10 which can be dehydrogenatcd by heating 
10 in an inen solvent with a variety of metal catalysis or by oxidation, preferably 
using BaMn04 to produce the imidazole 8. 

If a 2-carboalkoxy aziridine is used, for example 2-carbocthoxy 
aziridine, tJie resulting imidazole widi R3 = C02Et can be prepared. Basic hydrolysis 
(NaOH) of die ester affords the carboxyUc acid which may be converted to die acid 
chloride by. treatment witli oxalyl chloride. Treatment of llie acid chloride witli an 
amine affords an amide, or with a metal azidc affords die acyl azide. Tliermal 
Bcckman rearrangement of die acyl azidc yeilds the isocyanaie R3 = -NCO, which 
can be reacted with ciUier oxygen, nitrogen or sulfur nucleophUes to produce the 
corresponding carbamate, urea, or thiocarbainate, respectively. Alternatively, die 
Munsdieker reaction (treatment of die silver salt of die carboxylic acid with bromine) 
or variations diereof may be used to convert the acid to tlic rearranged bromide, 
R3 = Br. Transmetaladon of the bromide to die ogranolithium, using eidier n- or t- 
butyl lithium in an eUiereal solvent, followed by addition of a dialkyi 
phosphorochloridaie, such as dimediyl chlorophosphate. may be used to prepare die 
phosplioiiate ester, R3 = P(=0)(0R)2. 
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In Schemes I. U. and III ilie R3 and Y icmis may be an appropriately 
proiecied alcohol for exaiuplc in Scheme 111 a silyl ether, such as t-butyldimetltyl or t- 
butyldiphenyl. and in Schemes I aiid II an alkyi eliier. such as meUiyl co.inccted by 
an alkyl clmin of variable link. (C(R,o)2)nR3/Y. Following cyclizalion to U.e 
5 in,idazole the alcohol is deprotected using standard reaction co.iditions to afford tJ.e 
free alcohol, ll.c alcohol may be oxidized to tl.e carboxylic acid (chromic acid or 
pryidimium dichromaic in dimethyl fonnainide) and subequenUy convertcdto the ester 
(acid catalysis it. U.e prccence of aii alcohol or carbonyl diimidazole followed addiuon 
, of a basic solution of the alcohol). Tlie alcohol may also be oxidized to die aldehyde 
1 0 (Swem's reagent or pyridinium chlorocluromatc in metliylenc chloride) and 
condensed with NH3. or a primary or secondary amine in the presence of 
' ' NaCNBH3. the Borch reductive amination procedure, to prepare Uie corresponding 
primary, secondaty and tertiary amines, respectively. Alternatively U,e alcohol may 
be activated for displacement by eiUier nitrogen, sulfur or phospohorus nucleoplules. 

1 5 For example, reaction of the alcohol wiUt diisopropyl azodicaxboxylate. iriphenyl 

phosphine. and ihioacciic acid produces the corresponding thioesier which cait be 
hydrolized to Uie tliiol and oxidized to Uie sulfonic acid. 

Additional derivatives which may be prepared from Ute above 

2 0 compounds are: QONRgRp fn^m Uie -CO2CH3 by heating wiU, or without catalytic 

metal cyanide, e.g. NaCN. and HNNR8R9 i" CH3OH; -OC(0)R8 from U.e -OH 
with e g..ClC(0)R8 in pyridine; -NRiO-C(S)NR8R9 from -NHRlO with an 
aikylisoU.iocyante or U.iocyanic acid; NR6C(0)OR6 from -NI1R6 wiUi die alkyl 
chlorofonnate; -NRioC(0)NR8R9 ^ron^ the -NHRlO by treatment wiU, an 

2 5 isocyanate. e.g. HN=C=0 or RioN=C=0; -NRl0-C(O)R8 from U.e -NHRlO by 

treatment wiOi C1-C(0)R8 in pyridine; -C(=NRio)NR8R9 from -C(NR8R9)SR8 
WiU. H3NR8+OAC- by heating in alcohol; -C(NR8R9)SR8 from -C(S)NR8R9 w.th 
R6-1 in an inert solvent, e.g. acetone; -C(S)NR8R9 where R8 or R9 is not hydrogen- 
from C(S)NH2 with HNR8R9. C(=NCN)-NR8R9 from -C(=NR8R9)-SR8 wiU, 

3 0 NH2CN by heaung in anhydrous alcohol, alteniaiively from C(=NH)-NR8R9 by 

tn^atmem with Br-CN and NaEtO- in EtOH; NR,o-C(=NCN)SR8 from NHRlO by 
treatment wiU. (R8S)2C=NCN; -NR,oS02R8 f">m NHRlO by treatment with 
CISO2R8 by heating in pyridine; -NR,oC(S)R8 from -NR,oC(0)R8 by treatment 
with Uwesson-s reagem l2.4-bis(4-methoxyphenyl)-1.3.2.4.dithiadiphosphetane- 
3 5 2.4-disuir.de]; -NR10SO2CF3 from NHR6 with triflic anhydride and base; 

NR.0C(O)-C(O)-OR8 from -NHRlO with. e.g. meU.yloxaiyl chloride and a base 
such a. triethylantine; -NRioC(0)-C(0)-NR8R9 f-" -NRl0C(O)-C(O)-OR8 w.th 
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-C(=NH)NliR|o by heating with 



I 0 



SYNTHCTiCEXAMJ^LlZS 
'Hic following cxajnples ait; illustrative and arc not limiting of tiie 
compounds of diis invcnuon. 



EXAMPLE 1 ^ '7 



l-f4-Pvrid vl)-2-r4-nuorophcnvn-4-phenvlimida7,()le t ' 



Ethyl uhcnvlt^lvcinc. hydrochloride. To a mixture of phenylglycinc ( 1 5.00 gnun 
(hereinafter g.), 0. 1 mole (hereinafter mol)) in EtOH (100 miliLilers (hereinafter mL)) 
was added 20% ethanolic HCl (30 mL). Tlie mixture was healed at reflux for about 
20 hours (hereinafter h.), Uien allowed to cool. The solvent was removed in vacuo, 

1 5 and the residue was used without further purification. 

N-f4-Fluorobenzovnphe nvlglvcine. ethvl ester . To a solution of etliyl phenylglycine, 
hyditrchloride (prepared above) in CH3CN (60 mL) were added 4-fluorobenzoyl 
chloride (25.4 g, 0.16 mol) and pyridine. The resulting mixture was stirred at room 

2 0 temperature for about 5.5 h. then was partitioned between aqueous NaHCOj and 

EtOAc. The organic extract was washed successively witJi 10% aqueous NaOH, 3 N 
UCl and saturated aqueous NaCI. Tlie solvent was removed in vacuo, and tlie residue 
was crystallized from CH2CI2/ hexanes to afford tJie tide compound (19 g, 637o). 

2 5 4-Fluoro-N-f2-hvdrox v-l-phcnvncthvlbcnzamidc . To a solution of N-(4-fluoro- 

benzoyI)phenylglycine, eUiyl ester (1.56 g, 5.2 mmol) in (15 mL) was added 
sodium borohydride (0.50 g, 12.9 mmol), followed by MeOH (4.2 mL). The 
resulting mixltire was allowed to stir for about 75 min, during which time additional ' 
sodium borohydride was added. Tlie mixture was poured into H2O and concentrated 

3 0 under reduced pressure. The residue was partitioned between saturated aqueous 

NaCl and EtOAc. The organic extract was concentrated in vacuo, and llie residue 
was purified by flash clu-omatography, eluting witii 25% EtOAc/ hexanes to afford 
the tide compound (0.80 g, 607o). 

3 5 4-FluorQ-N-f 2-oxo- 1 - phen vnethvlbcnzamide . To a solution of pyridine (1.6 mL, 
19.30 mmol) in CH2CI2 (18 mL) was added, poiuonwise. CrOj (1.16 g. 1 1.58 
, . mmol). Upon completion of the addition, die mixture was allowed to stir for about 



t 
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30 mill at wi.ich time was added a solution of 4-nuoro-N-(2-hydroxy-l- 
phenyDelhylbcnzamidc (0.50 g. 1.93 .nmol) in CM2CI2 (35 mL). The resulting 
mixture was allowed to stir for about 5 min. U.en was niiered tlirough a pad of noris.l 
and concentrated under reduced pressure to afford the tide compound. 



I 5 
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l-(4-Pvridvn-2-|4.n..c,mnl.cnvn -4-phrnvlimidazole. To a solution containing 4- 
nuoro-N-(2-oxo-l-phenyl)etl,ylbenzainide (0.15 g. 0.58 mmol) and 4-a,ninopyridinc 
(0.06 g. 0.65 minol) in toluene (10 mL) was added p-toluenesulfonic acid (0.22 g. 
1.20 mmol). l iic mixture wits heated at icOux with a/rotropic removal of H2O. 
1 0 After heating at reflux for about 1 h. die mixture was allowed to cool and was 
partitioned between aqueous NaliCOa and EtOAc. The organic exuact was 
concentrated under reduced pressure and purified by flash chromatography, cluling 
with a solvent gradient of 1 : 5 to 1 : 1 EtOAc/ hexanes. The tide compound was 
obtained (0.04 g, 17%) as a light yellow solid, m.p. 90 - 92^C 



EXAMPLE 2 

l-(4-Pvridvh- ?- (4-nnort)Dhe nYl)-4-(4-hvdrnxvphenYl)imidazole. 



F.hvl 4-hvdroxvr '"-"Y'p'Y^-i"'' hvtlrochloride. To a suspension of 4- 
2 0 hydrpxyphenylglycine (18.00 g. 0.1 1 mol) in EtOH (100 mL) was added 20% 

edianolic HCl (30 mL). The mixture was heated at reflux for 14 h. dien was allowed 
,0 cool and was concentrated under reduced pressure. Tlie residue was partiuoncd 
between saturated aqueous Naf ICO3 and EtOAc. aitd the organic extract was 
concentrated in vacuo to afforxl the title compound (15.00 g. 70%). 



Ni.f4.n„nmhenzoY'V7-'4-"«v-f4-ni .^roh.n.nvi^nhenvllPlvrinf.. ethyl gSter . To a 
suspension of ethyl 4-hydroxyphcnylglycinc. hydrochloride (i^repait^d above) in 
CH3CN were added 4-fluorobenzoyl chloride (20 mL. 0.17 mol) aiid pyridine (15.5- 
,„L 0 20 mol). Tlie resulting mixture was stirred at room temperature for 5 min. 
3 0 die.') was partitioned between aqueous NaHCOj and EtOAc. Hie organic cxtiacl was 
washed successively with 3 N HCl. saturated aqueous NaCl. 5% aqueous NaHCOj 
and saturated aqueous NaCl . The solvent was removed in vacuo to afford Uie ude 
compound. 

3,5 .,P...orn.N-n-(4.hr'r»vYr'"'"v'-^-'^vdrnxv)r.hYllbenzamide. To a solution of N- 
(4-fluorobenzoyl)-2-l4.oxy-(4-nuoix)benzoyl)phenyl)glycine. ed.yl ester (1.00 g. 
2 27 mmol) in THE (6 mL) was added sodium borohydride (0.22 g. 5.70 mmol). 
il,e mixture was wanned to 55oC and McOH (1.9 mL) was added over 10 mm. 
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U|K)n completion of the addition, the inixiurc was poured inio 1 and conccniraicd 
under reduced pressure. 'I'hc residue was pariiiioned between saturated aqueous 
NaCl and EtOAc. The organic extract was concentrated in vacuo, and llic residue 
was purined by flash chromatography, eluting wiiii 1 : I ElOAc/ hexanes to afford 
5 the title compound (0.46 g. 73%). 

N-[ l-f4-Benzvloxvphcnvl-2-hvdroxv)etJivll-4-nuorobenzamide . To a solution of 4- 
nuoro-N-[l-(4-hydroxyphenyl-2-hydroxy)caiylJbenzainidc (0.40 g, 1.45 mmol) in 
acetone were added potassium carbonate (0.30 g, 2.18 mmol) and benzyl bromide 
1 0. (0.29 g, 1.75 mmol). 'Hie resulting mixture was heated at reflux for 20 h. tlien was 
allowed to cool and was concentrated under reduced pressure. The residue was 
purified by flash cliromalography. eluting with 1 : 1 ElOAc/ hexanes to afford the tide 
compound (0.50 g. 94%). 

1 5: N-l l-(4-Benzvloxvphcnvl-2-oxo)ethvl]-4-nuorobenzamide . To a solution of 

pyridine (1.1 mL, 12.8 mmol) in CH2CI2 (10 mL) was added, portion wise, Cr03 
(0.78 g, 7.73 mmol). Upon conipletion of the addition, the mixture was allowed to 
stir for 30 min, at which time was added a solution of N-[ l-(4-bcnzyloxyphenyl-2- 
hydrqxy)ethyIj-4-fluorobenzamide (0.47 g, 1.28 mmol) in CH2CI2 (35 mL). Tlie 

2 0 resulting mixture was allowed to stir for 25 min, then was filtered through a pad of 
. Horisii and concentrated under reduced pressure to afford tlie tide compound. 

l-(4-Pvridv l)-2-(4-fluoroDhenvl)-4-(4-bcnzvloxvDhenvl)imidazole . Toasoludon 
containing N-[l-(4-benzyloxyphcnyl-2-oxo)cthyl]-4-nuorobenzamide (0.38 g. 1.00 

2 5 mmol) and 4-aminopyridine (O.I 1 g, 1.17 mmol) in toluene was added p- 

loluenesulfonic acid (0.42 g, 2.20 mmol). 'Ilie mixture was heated at reflux with 
azeoiropic removal of H2O. After heating at reflux for 1 h, the mixture was allowed 
to cool and was partitioned between aqueous NaHC03 and ElOAc. llic organic 
extract was concentrated under reduced pressure and purified by Hash chromato- 

3 0 graphy. eluting with a solvent gradient of 1 : 5 to 1 : 2 EtOAc/ hexanes. Tlic tide 

compound was obtained (0.06 g, 14%) and was crystallized from EiOAc/ hexanes. 

l-(4-Pvridvn-2-(4-nuorophcnvn-4-(4-hvdroxvphenvl)imidazole . A mixture 
containing l-(4-pyridyl)-2-(4-nuorophenyl)-4-(4-benzyloxyphenyl)imidazole (0.13 
3 5 g, 0.3 mmol) and 10% palladium on activated carbon (100 mg) in ElOAc was stirred 
under an atmosphere of H2 for 10 h, at which time the reaction mixture was filtered 
tlirough a pad of Celilc. Tlie filtrate was concenu-ated under reduced pressure, and 
tljt residue was purified by fiash chromatography, eluting with 1 : 1 EtOAc/ hexanes. 
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riic iiiaicrial wliicli was isolated was crysiaJli7.cd from I-lOAc/ licxancs lo afford ihc 
title compound (0.07 g. 70%). m.p. 230 - 231"C. 



EXAMPLE 3 

5 l -(4-Pvridvl)-2-(4-fluoropliciivD-4-(4-tliiomcUivlplienvn imidazole . Hie compound 
of Example 3 was produced by the process according to Scheme I; convening 4- 
lliioincthylbenraldehydc to Uie amino niirile and condensing Uiis with 4-fluorobenzoyl 
chloride. Reduction of tJie nitrile to the aldciiyde was followed by condcsation willi 
4Tajnino pyridine according to ilic method of examples 1 ajid 2 lo affoitl die tide 
1 0 compound, m.p. 192-1960C. 

EXAMPLE 4 

l-(4-Pvridvn-2-(4-fluoroplicnvl)-4-(4-meUivlsuinnvlDhenvn imidazole . Oxidation of 
l-(4-pyridyl)-2-(4-fluorophciwl)-4-(4-tliiomcdiylphcnyl) imidazole of Example 3 

1 5 vyidi K2S2O8 in acetic acid followed by cliromaiograpliy on silica and recrysiallizalion 

afforded ihe tilled sulfoxide, m.p. 201-203"C. 

EXAMINEE 5 

l-(4-pvridvn-2-(4-nuorophciivi)-4-mcihvlimidazolc. 'Hic compound of Example 5 

2 0 was produced by the process according to Scheme III, employing mcdiyl aziridine 

and the imidoyi chloride prepared from Uie amide fonned by condensation of 4-aiiiijio 
pyridine and 4-fluorobenzoyl chloride. Cyclization and deliydrogenation of tiiis 
adduct affords llie title imidazole as a white solid, m/e (rcl. int.): 254 [(M-f-H)+J. 



25 EXAMJ^LE 6 

l-(2-methvlDvrid-4-vn-2-f4-fluororulicnviV4-(4-thi »mei]ivlDlienvl)imidazole. 'Iliis 

compound was produced by tlie process according to Scheme 1; converting 4- 
diiomeUiylbenzaldehyde to tlie amino nitrile and condensing this widi 4-fluorobcnzoyl 
chloride. Rcdu^don of die nitrile to tlie aldehyde was followed by condensation wiUi 
3 0 i-meUiyl-4-amino pyridine according to die method of examples 1 and 2 to afford the 
title compound, m.p. 144-1460C. 

EXAMPLE? 

l-f2-meilivlovrid-4-vn-2-(4-niinr»plienvn-4 -(4.mei!ivlsuirinvlt)lienvl)iinidazvle. 
3 5 Oxidauon of l-(2-methylpyrid-4-yl)-2-(4-nuorophenyl)-4-(4- 

tliiomeUiylphenyDimidazole of Example 7 with K2S2O8 in accuc acid followed by 
cliromatography on siUca and recrystalUzation afforded die uded sulfoxide, m.p. 160- 
1630C. 
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By analogous methods to lliosc described above in Example 1 to 7, 
and in Schemes 1 to ill herein the following com[X)unds may be produced: 
Example 8 - I-(4-pyridyl)-2-(4-N,N-dimetliylaminomeiJiylphenyl) imidazole. 
5 Example 9 - 1 -(4-pyridyl)-2-(4-nuorophcnyl)-4-(bcnzyloxy) imidazole. 
Example 10- l-(2-met])yl-4-pyridyl)-4-(3-chlorophenyl) imidazole. 



METHODS OF^rREATMENT 
' 0 Hie coni|K)unds of Fonnula (I) can be used in tJje manufacture of a 

medicament for tlic prophylactic or therapeutic ircauneni of aiiy disease stale in a 
human, or olJicr mammal, which is exacerbated or caused by excessive or 
unregulated excessive or unregulated cytokine production, more specifically IL- 1 . 
IL-8 or I'NF production, by such mammal's cell, such as but not limited to 

1 5 monocytes and/or macrophages. 

Compounds of Fonnula (1) are capable of inhibiting proinflammatory 
cytokines, such as IL- 1 , IL-8 and TOF and arc therefore of use in therapy. IL- 1 , IL- 
' 8 and TNF affect a wide variety of cells and tissues and these cytokines, as well as 
, other luekocytc derived cytokines, arc im[>oriant ajid critical inflammatory meditators 

2 0 of wide variety of disease states and conditions. ITie inhibition of these pro- 

inflammatory cytokines is of benefit in controlling, reducing and alleviating many of 
ihe^e diseases. 

Tlie compounds of Fonnula (I) are administered in an amount 
sufficient to inliibil TNF production such that it is regulated down to nonnal levels, or 

2 5 in some case to subnonnal levels, so as to ameliorate or prevent tlie disease state. 

Abnonnal levels of TNF, for tlie present invention, constitute levels of 1) free (not 
cell bound) TNF, greater than or equal to 1 picogram per ml; 2) any cell associated 
TNF; or 3) tlie presence of TOF mRNA above basal levels in cells or tissues in wliich 
TNF is produced. 

3 0 , The compounds of Fonnula (1) may be used in tlie treaunent of any 

disease stales mediated by excessive or unregulated TNF production, such as but not 
limited to rheumatoid anliritis, rheumatoid spondylitis, osteoartliritis, gouty arthritis 
and other aniiriuc conditions; sepsis, septic shock, endotoxic shock, gram negative 
sepsis, toxic shock syndrome, adult respiratory distress syndrome, cerebral malaria, 
3 5 chronic pulmonary inflammatory disease, silicosis, pubnonary sarcoisosis, bone 

resorption diseases, such as osteoporosis, reperfusion injury, graft vs. host reaction, 
allograft rejecdons, fever and myalgias due to infection, such as influenza, cachexia 
secondary to infection or malignancy, cachexia, secondary to acquired immune 
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: . r Ain<^^ AIDS ARC (AIDS related complex), keloid fonuallon. 

i deficiency syndrome (AIDS). AlDb.AK^W AIDS ai.d olher 

scar tissue fonnation. Crohn's disease, ulcerative col.us. pyres.. AIDS . d 
^ vir^ infecUons. such as cytomeg^ia virus (CM V). inOuenza v..s. artd dte herpes 
hniilv of viruses such as l len)res Zoster or Simplex 1 aj»d 11. 
< The conM>ounds of Fonnula (.) n.ay .dso be used top.cally as well n, 

, „ =s su,.b.n,-. i„na,„„,n,.ry .ye condiuons including c«,—: ,y.s,s. pa... 

•i„d oilier coiidilions associated wicliiii(lamm,ioon. 

-me compound, of Fonnuia (1) may also be used in assoca.ioa wi.h 
die velennar, field for ueaunen, of TNF niecUaled diseases such as .iraj i~. 
E rp les 7sucl, vinises include bu. are no, limited ,o, feUne i,„mun«.erincency 
, , Is ff'v o, odie, .u^viial infecdon sucb as e,u,ne infecUous anaemia vims. 
■ caprine artlirius virus, visna vir.s, niaedi virus and oiher len.iviruses. 

' imerleuldn. 1 (U.- 1) Has been demo„sua,ed ,o mediate a var«.y of 

biological acuvities diougli, to be important in Intmunoregulalion and .^ler 
p, ysiological conditions sucli as mnammauon ISee. e.g.. D,...^o.. 'U^ 
20 5X1984,1. me myriad of ^.own biological acttvius of 1L.1 

Sl^dvation of T ,«lpcr ceUs. ii^uction of fever, stimulation of 
plaglandin or collagenase production, neuuoplul cltemouxis. induction of acute 

phase proteins and dte suppression of plasma irtiii levels. 

Tlie discovery that the compounds of Fonnulas(l) are inhibuorso 

2 5 cytoMnes, specirically U.-, is based u^n the effects of the -P°- J ° ^ 

„, on the producuon of the IL- 1 in. vUm. on die human monocyte, die assays 

''"^rret Ly disease states in which excessive or u^gulated JL- 1 
,o.„cdonisiniplica,ed.e.acerbaang.,.orcau..~ 

3 0 rheumatoid arthritis, osteoarthntis. endoloxemia and/or toxic ^^^^ 

acute or clvonic innammatoi. disease sutcs such as the '""- "1^ ptosis. 

..ucedbyendotoxincriitnarnniatorybowe,.^^^^^^^^^ 

muscle degeneration, cachexia, psonauc artlinlis. Better sy 

iritis, gout, uaumatic ardirids. rul^Ua ardiritis. aiH. acute s,.v,us. Recent 

,ico link.! IL- 1 activity to diabetes and paiicrcauc U cells. 
3 5 evidence also Uiiks IL-l acuviiy lu 907.997 (1985). reviews 

Dinarello. L^Mc^lMim^' 5 (5). 287 297 
U.e biological activities which have l.cn attributed to IL- 1. U s»-lcl be 
le of Ise effects have been described by oU,ers as induct effects of IL- 1 . 
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'Hie compounds of Formula (I) have also been shown to inhibit the 
production of lntcrlcukin-8 (NAP-l/lL-8). IL-8 is a chemoiactic factor first identified 
and characterized in 1987. 11-8 is produced by several cell tyf)es including 
tnofionuclear cells, fibroblasts, endothelial cells, ajid keraUnocylcs. Many different 
5 names have been applied to IL-8, such as neutrophil attractani/activation protein- 1 
(NAP-1), monocyte derived neutrophil chemotactic factor (MDNCF). neuQ-ophil 
activating factor (NAFO, and T-cell lymphocyte chemotacuc factor. 

llierc are inaiiy disease states in which excessive or unregulated IL-8 
production is implicated in exacerbating and/or causing tlic disease, lliese diseases 
I 0 are characterized by massive neutrophil infiltration such as, psoriasis, infiammatoiy 
bowel disease, astlima, cardiac and renal reperfusion injury, adult respiratory distress 
syndrome, thrombosis and glomerulonephritis. All of Qiesc diseases have the 
association of increased IL-8 [)roduction, which is responsible for the chetnotaxis of 
neuu-ophils into llic infiannnaioiy site. In conuasl to other infiammatory cytokines 
5 (IL- 1 , TNF, and lL-6) IL-8 has the unique property of promodng neutrophil 
chemotaxis. llicrcforc, the inhibition of 

IL-8 production would lead to a direct reduction in tlie neutrophil infiltration. 

Tl)e discovery of a compound which specifically inhibits IL- 1 . lL-8, 
and TNF production will not only contribute to the understanding of how this 
' 0 molecule is synthesized, processed and secreted, but will also provide a therapeutic 
approach for diseases in which excessive or unregulated lL-1 and TNF production is 
implicated. 



PI lARMACEUTlCAl , COMTOSITIONS 

In order to use a compound of the Fonnula (I) or a phannaceutically 
acceptable salt lliereof for the treatment of humans and other mammals it is normally 
fonnulated in accordance witli standard phannaceuiical pracdce as a pharmaceutical 
composition. 

Tl)is invention, tiicrefoit;, also relates to a phannaceudcal composition 
0 comprising an effective, non-toxic amount of a compound of Fonnulas (0 and a 
phannaceutically acceptable carrier or diluent. Tlic comf)ounds of Fonnula (I) are 
administered in conventional dosage fonns prepared by combining a compound of 
Formula (I) wiili standard pharmaceutical carriers according to conventional 
procedures. Hie compounds of Formula (I) may also be administered in 
5 conventional dosages in combination with a known, second therapeutically active 
compound. These procediues may involve mixing, granulating and compressing or 
dissolving die ingredients as appropriate to liic desired preparation. 
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Thc phannaceutical carrier employed may be. for exajnple» ciilicr a 
solid or liquid. Exemplary of solid carriers arc lactose, terra lUba. sucrose, talc, 
gclalin, agar, pectin, acacia, magnesium stearate, stearic acid and llic like. Exemplary 
of liquid carriers arc syrup, peanut oil, olive oil, water and the like. Similarly, the 
5 carrier or diluent may include time delay niaicriaJ well known to die an, such as 
glyceryl mono-stearate or glyceryl distearatc alone or with a wax. 

A wide variety of phannaceutical fomis can be employed, llius, if a 
solid carrier is used, the preparation can be lableted, placed in a hard gelatin capsule 
in powder or [)cllcl form or in the form of a troche or lo7x:ngc. The amount of solid 
1 0 carrier will vary widely but preferably will be from about 25 mg. to about I g. When 
a liquid carrier is used, the preparation will be in the fonn of a syrup, emulsion, soft 
gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid 
suspension. 

Hie compounds of Fonnula (i) may be administered topically. Ilius, the 

1 5 compounds of Fonnula (I) may be administered topically in the u^atment or 

prophylaxis of inflammation or odicr cytokine related diseases in a mammal, such as 
rheumatoid anliriiis, rheumatoid spondylitis, osteoanhritis, gouty anliritis and other 
anliritic conditions, inflamed joints, eczema, psoriasis or otiier inflammatory skin 
conditions such as sunburn; inflammatory eye conditions including conjunctivitis; 
2.0 pyresis. pain and otlier condiuons associated with inflammation. 

The amount of a compound of Formula (I), for all methods of use 
' ' di5jclosed herein, required for tlierapeulic effect on topical administration will, of 
course, vary witii the compound chosen, the nature aj)d severity of ilie inflammatory 
condition, whether eicosanoid or cytokine mediated, and the animal undergoing 

2 5 u-ciltment, and is ultimately at the discretion of the physician. A suitable, topical, anti- 

inflammatory dose of an active ingredient, i.e.. a compound of Fonnula (I) is 0.1 mg 
to 150 mg. administered one to four, preferably two or three times daily. 

By topical adjninistradon is meant non-systemic adminisuation and 
includes the application of a compound of Formula (I) externally to the epidennis. to 

3 0 tlie buccal cavity and instillation of such a compound into die ear. eye and nose, and 

where the compound does not significandy enter the blood stream. By systemic 
administration is meant oral, intravenous, inu^periioneal and inu-amuscular 
administration. 

While it is possible for an active ingredient to be administered alone as 
3 5 die raw chemical, it is preferable to present it as a phannaceutical fonnulation. The 
active ingredient may comprise, for topical adminisu-aiion, from 0.001% to 10% 
w/w. e.g. from 1% to 2% by weight of the fonnulation although it may comprise as 
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much as 107o w/w but prcicrably not in excess of 57o w/w and more prcfcrably from 
0.1% to 1% w/w of the formulation. 

llie topicaJ formulations of ilic present invention comprise aii active 
ingredient together wiili one or more acceptable carrier(s) therefor and optionally ajiy 
5 other tlierapcutic ingrcdicnt(s). 'Ilie carrier(s) must be 'acceptable* in tlic sense of 
being compadblc widi die odicr ingredients of die fomiuladon and not deleterious to 
the recipient diereof. 

Formulauons suitable for topicaJ administration include liquid or semi- 
lii|uid preparations suitable for |x:neuation through die skin to the site of itiflaminauon 

1 0 such as liniments, lotions, creams» ointments or pastes, and drops suitable for 

;ldministralion to die eye, ear or nose. 

Drops according to die present invention may comprise sterile aqueous 
or oily solutions or suspensions and may be prepared by dissolving die active 
ingredient in a suitable aqueous solution of a bactericidal and/or fungicidal agent 

1 ,5 and/or any odier suitable preservative, and preferably including a surface active agent, 
llie resulting solution may dicn be clarified by filtration, transferred to a suitable 
container which is then sealed and sterilized by autoclaving or maintaining at 98- 
1 OOC. for half an hour. Alternatively, the solution may be sterilized by filtration and 
u-ansferred to die container by an aseptic technique. Examples of bactericidal and 

2:0 fungicidal agents suitable for inclusion in die drops are phcnylmercuric nitrate or 

acetate (0.002%), benzalkonium chloride (0.01%) and chlorhexidinc acetate (0.01%). 
Suitable solvents for the preparation of an oily solution include glycerol, diluted 
alcohol and propylene glycol. 

! Lotions according to the present invention include those suitable for 

2 5 application to the skin or eye. An eye lotion may comprise a sterile aqueous solution 

optionally cotitaining a bactericide and may be prepared by mediods similar to diose 
for the preparation of drops. Lotions or liniments for application to die skin may also 
include an agent to hasten drying and to cool the skin, such as an alcohol or acetone, 
and/or a moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

3 0 Creams, ointments or pastes according to die present invention arc semi- 

solid formulations of the active ingredient for external application, lliey may be 
made by mixing die active ingredient in finely-divided or powdered form, alone or in 
solution or suspension in an aqueous or non-aqueous fluid, widi the aid of suitable 
machinery, widi a greasy or non-greasy basis. The basis may comprise 
3 5 hydrocarbons such as hard, soft or Uquid paraffin, glycerol, beeswax, a metallic 
soap; a mucilage; an oil of natural origin such as almond, com, arachis, castor or 
olive oil; wool fat or its derivatives, or a fatty acid such as steric or oleic acid together 
with an alcohol such as propylene glycol or macrogcls. The fonnulation may 
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incorporale any suitable surface active agent sucli as an anionic, cationic or non-ionic 
surfactant such as sorbitan esters or polyoxyetliylene derivatives tJiereof. Suspending 
agents such as naturaJ gums, cellulose derivatives or inorganic materials such as 
silicaceous silicas, and otlier ingredients such as lanolin, may also be included. 
5 'Hie methods of the subject invention may be carried out by delivering 

the monokine activity interfering agent parcntcrally. 'Hjc icnn parcnlcral' as used 
herein includes intravenous, inu-amuscular. subcutaneous inu-anasal. intrarectal, 
'intravaginal or intraperitoneal admijusu^uon. Tlie subcutaneous and intramuscular 
fonns of parenteral administration are generally preferred. Appropriate dosage fonns 
I 0 for such adminisu^tion may be |)rcparcd by conventional techniques. 

For all mctliods of use disclosed herein for the coinpounds of 
Fomiulas (I), the daily oral dosage regimen will preferably be from about 0.05 to 
about 80 mg/kilogram of total body weight, preferably from about 0.1 to 30 mg/kg, 
more preferably from about 0.5 mg to 15 mg. Tlie daily parenteral dosage regimen 

1 5 will preferably be from about 0.05 to about 80 mg per kilogram (kg) of total body 

weight, preferably from about 0. 1 to about 30 mg/kg. and more preferably from 
about 0.5 mg to 15mg/kg. 

Ilie compounds of Fomiula (I) may also be administered by 
inhalation. By "inhalation" is meant intranasal and oral inhalation administradon. 

2 0 Appropriate dosage fomis for such administration, such as an aerosol fonnulation or 

a metered dose inhaler, may be prepared by conventional techniques. The preferred 
daily dosage amount of a compound of Formula (I) administered by inlialation for all 
methods disclosed herein, is from about .01 mg/kg to about 1 mg/kg per day. 

It will be recognized by one of skill in die art that the form and 

2 5 character of the phannaccutically acceptable carrier or diluent is dictated by the 

amount of active ingredient with which it is to be combined, the route of 
administration and other well-known variables. 

It will also be recognized by one of skill in iJic art diat tlie optimal 
quantity and spacing of individual dosages of a compound of Fonnula (I) or a 

3 0 phannaceutically acceptable salt Uiereof will be determined by Ute nature and extent of 

the condition being treated, die fonn. route and site of adminisu^lion. and die 
particular patient being treated, and tliat such optimums can be deiemiincd by 
conventional techniques. 

It will also be appreciated by one of skill in llie an tiiat the optimal 
3 5 coune of treatment, i.e.. the number of doses of a compound of Fonnula (I) or a 

pharmaccutically acceptable salt diercof given per day for a defmed number of days, 
can be ascertained by Uiose skilled in the an using conventional course of treamient 
determination tests. 
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EXAh4PLES 

Witlidui furilicr elaboration, it is believed lliat one skilled m the an 
can, using Uie preceding description. uiUize iJie present invenuon to its fullest extent. 
5 'IIjc following Examples arc. therefore, to be consuucd as merely illusu-ative and not 
a limitation of the scope of tJie present invention in any way. 

EXAMPLE A 
Inhibitory Effect of compounds of Formula (I) on 
1 0 in vitro IL-1 Production by Human Monocytes 

The effects of compounds of Fonnula (I) on the in vitro production of IL- 1 
by human monocytes was examined using the following protocol. 

Bacterial lipopolysaccharide (LPS) was used to induce IL-1 production by 

1 5 iiuman peripheral blood monocytes. IL-l activity was measured by its ability to 

stimulate a Interleukin 2 (lL-2) producing cell line (EL-4) to secrete lL-2, in concert 
with A23187 ionophore, according to the method of Simon ct al. . J. Immunol. 
Methods . M. 85. (1985). Human peripheral blood monocytes were isolated and 
purified from either fresh blood preparations from volunteer donors, or from blood 

2 0 bank buffy coats, according to the procedure of Colotta et al. . J. Immunol. . 112, 936 

(1984). 1 X 10^ of such monocytes were plated in 24- well plates at a concentradon 
of 1-2 million/ml per well. Tlic cells were allowed to adhere for 2 hours, after which 
time non-adliercnt cells were removed by genUe washing. Test compounds were tlien 
added to tlie cells for 1 hour (hr) before the addition of lipopolysaccharide (50 ng/ml), 

2 5 and the cultures were incubated at 37^C for an additional 24 hours. At the end of tlie 

incubation period, culture supematants were removed ajid clarified of cells and all 
debris. Culture supematants were immediately assayed for IL-1 biological acuviiy in 
the manner described above, as well as for prostaglandin and/or leukouiene 
concentrations by radioimmunoassay. 

3 0 Tlie compounds of Fonnula (I), Examples 1, 2. and 5 are potent 

inhibitors of in vitro IL-1 production by human monocytes having IC 50's between 
0. 1 (iM and 5 |iM. The compounds of Examples 3, and 4 exhibited an IC 50 of > 
S^M. 

Based on the widely held belief of the role of unmodulated (i.e., 
3 5 excessive) in vivo IL-1 production in causing or aggravating infiammatory responses 
aiid odier disease states (sec, e.g., Fontana et al. . supra; Wood ci al., supra; Akejima 
and Dinarello, supra; Habicht and Beck, supra; Chcsque el al.. supra; Benjamin et 
al.. supra; and Dinarello. supra), and based on the fact that compounds of Fonnula 
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(I) inhibit in yiira IL- 1 prcxluciion by human macrophages aiicVor monocytes, Ute 
compounds of Fonnula (1) will inhibit Die m vivo IL- 1 production by monocytes 
and/or macrophages in a human in need tlicrcof wiien used according to the method 
of tlie subject invention. 

5 

1ITI1ITYF.X AMPLE B 
Inhibitory Effect of compounds of Fonnula (1) on 
in vitro TNF production by Human Monocytes 

Section 1 : Assay sct-up 
1 0 Tlic effects of coni|x>unds of Fonnula (1) on llic in vitro production of 

TNF by human monocytes was examined using the following protocol. 

Human peripheral blood monocytes were isolated and purified from 
either blood bank buffy coats or piateletphercsis residues, according to die procedure 
of Colotta. R. et al.. J. Immunol. . 132(2):936 (1984). The monocytes were plated at 

1 5 a density of 1 X lO^* cells/ml medium/well in 24-wcn multi-dishes. 'Hie cells were 

allowed to adhctT: for 1 hour after which lime the su|)cmatant was aspirated and 1 ml 
fresh medium (RPMl-1640 (Whitaker Biomedical I'roducts, Whiiaker, CA) 
containing 1% fetal calf serum and penicillin and stixiptomycin at 10 units/ml was 
added. Tlie cells were incubated for 45 minutes in Uie presence or absence of test 

2 0 compounds at 1 nM- lOuM dose ranges (compounds were solubilized in Dimetlty l- 

i • sulfoxide/Eihanol such that lite final solvent concentration in the culture medium was 
0.5% Dimethyl sulfoxide/0.5% Edianol). Bacterial lipopolysaccharide (E. coli 
055:B5 (LPS) from Sigma Chemicals Co.) was tlien added at 100 ng/ml in 10 ml 
Phdsphate Buffered SaUne (PBS) and cultures incubated for 16-18 hours at 37°C in a 

2 5 5% CO2 incubator. At die end of die incubation period, culture supcmaiants were 

removed from the cells, ccnirifuged at 3000 revoluuons per minute (rpm) to remove 
cell debris and .05 ml of die supernatant assayed for TNF activity using the 
radioimmunoassay described below. 

3 0 Section 11 : Radioimmunoassay proc edure for TNF activity 

The assay buffer consisted of O.OIM NaP04. 0.15M NaCl, 0.025M 

EDTA and 0.1% sodium azide at pH 7.4. Human recombinant TNF (rliTNF) 
obtained using the pirxedure of Chen et al., Naturg. 330:581-583 (1987) was 
iodinaied by a modified Chloraminc-T meUiod described in Section III below. To 
3 5 samples (50 \i\ culiim; supematanis) or rliTNF standards, a 1/9000 dilution of 

polyclonal rabbit anti-rhTNF (Gcnzyme, Boston, MA) and 8000 cpm of 125i.tNF 
was added in a final volume of 400 ^1 buffer and incubated overnight (18 hours) at 
4X. Nonnal rabbit serum and goat anu-rabbit IgG (Calbiochem) were titrated against 
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cach other for maximum prccipitaiion of tlic ami-rhTNF. llie appropriate dilutions of 
carrier nonnal rabbit serum ( 1/200), goal aiili-rabbil IgG ( 1/4) aiid 25 Units heparin 
(Calbiochcm) were allowed lo precipitate and 200 |il of this complex was added per 
assay tube and incubated overnight at 4°C. Tubes were cenlrifuged for 30 mmutes at 
5 2000 rjMn, supernataiits were carefully aspirated, and radioactivity associated with the 
|)elleLs measured in a Bcckman Gamma 5500 counter. 'Hic logii-log linear 
u-ansfonnation curve was used for tlic calculations, llie concentrations of TNF in the 
samples was read of a standard curve of rhTNF tliat was linear in the 157 to 20,000 
pg/ml range. 

10 

Section III : Radioiodinaiion of rliTNF 

lodinalion of rhTNF was pcrfonned using a modified chloramine-T 
method of Frolik et al., J. DioL Chem. . 259:10995-1 1000 (1984). Briefly. 5 mg of 
rhTNF in 5 ml of 20MM Tris ph 7.5. was diluted with 15 ml of 0.5M KPO4 and 10 

1 5 ml of carrier free 125i(ioOmCi/ml;ICN). To initiate llic rcacuon, a 5ml aliquot of a 

lOOmg/ml (aqueous) chloraminc-T solution was added. After 2 minutes al room 
temperature, an additional 5 ml aliquot was added followed 1.5 minutes later by a 
final 5 ml addition of chlorainine-T. The reaction was stopped 1 minute later by 
sequential addition of 20 ml of 50mM Sodium Meiabisulfile, 100 ml of 120mM 

2 0 Potassium Iodide and 200 ml of 1.2 mg/ml Urea, llic contents were mixed and die 
, . reaction mixture was passed over a pre-packed Sephadex G-25 column (PD 10 

Pharmacia), equilibrated and eluied widi Phosphate Buffered Saline pH 7.4 
containing 0.25% gelatin, llie peak radioacuvity containing fractions were pooled 
andlstored at -20°C Specific activity of 125i.tnf was 80-100 mCi/mg protein. 

2 5 Biological activity of iodinated TNF was measured by the L929 cytotoxicity assay of 

Neale, M.L. et aU Eur. J. Can. Clin. Oncol. . 25(1):133-137 (1989) and was found 
to be 80% tliat of unlabeled TNF. 

Section IV: Measurement of TNF- ELISA: 

3 0 Levels of TNF were also measured usmg a modification of die basic 

sandwich ELISA assay method described in Winston et al., Current Protocols in 
Molecular Biology. Page 1 1.2.1, Ausubel et al., Ed. (1987) John Wiley and Sons, 
New York, USA. Tlic ELISA employed a murine monoclonal anti-human TNF 
antibody, described below, as Uie capture antibody and a polyclonal rabbit anti- 
3 5 human TNF, described below, as die second antibody. For detecuon. a pcroxidase- 
- conjugated goat anu-rabbit antibody (Bochringer Mannheim, Indianopolis, Indiana, 
USA, Catalog 605222) was added followed by a subsu-ate for peroxidase (1 mg/ml 
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()ttllo|)licnylcncdiajninc with 0.1% urea pcn)xidc). I NI" levels in samples were 
calculated from a standard curve generated widi rccombinam human TNF produced in 
E. Coli (obtained from SmithKliiic Deecham Pharmaceuticals, King of Prussia, PA. 
USA). 

5 

Secuon V: Production of anti-human T NF antibodies: 

Monoclonal andbodies to human TNF were prepared from spleens of 
DALB/c mice immunized widi recombinant humaji TNF using a modificauon of the 
metliod of Kohlcr and Millstcin, Nature 25^:495 ( 1975), the enure disclosure of 
I 0 which is hereby incorporated by reference. Polyclonal rabbit anti-human TNF 

antibodies were prepared by repeated immunization of New Zealajid White (NZW) 
rabbits with recombinant human TNF emulsified in complete Freund's adjuvant 
(DIFCO, IL.. USA). 

1 5 Results: 

llie compounds of Formula (I), Examples 1 and 2 both demonstrated 
an ICSO's between 0.5 ^iM and 3.5^M in the above described assay. The exact 
mechanism by which any compound of Formula (I) inhibits in yitm TNF production 
by monocytes is not presently known. This inliibitory activity docs not seem to 

2 0 correlate with tltc property of any of the compounds of Formula (1) in mediating 

arachidonic acid metabolism inhibition since oUier nonsteroidal antiinflammatory 
dr\igs with potent cyclooxygenase and/or li|X)xygcnase inhibitory activity do not 
inhibit TNF producdon at nontoxic doses. Furdiennore, the abiUty of a compound to 
inhibit production of prostaglandin and/or Icukotrienc synUicsis docs not mean that it 

2 5 will necessarily also inhibit TNF production. 

EXAMPLE C 
Inhibitory Effect of comfX)unds of Fonnula (1) on 
lL-8 Production 

30 

The effects of compounds of Fonnula (I) on the inhibition of IL-8 
production from Human Umbilical Vein Endothelial cells is examined using die 

following protocol. 

Primary human umbiUcal cord endotheUal ceUs (HUVEC) are obtained 

3 5 from CcU Systems (Kirland, WA) and maintained in culture medium supplemented 

with 15% fetal bovine scnjm and 1% CS-HBGF consisting of oFGF and heparin. 
CeUs are tlien diluted 20-fold before being plated (250^1) into gelaung coated 96-well 
plates. Prior to use, culture medium is replaced with fresh medium (200^il). 25^1 of 
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ciUier buffer or tesl compounds at die appropriate concentraUoii is added to each wcU 
in quadniplicatc weUs. 'iliis is followed immediately by the addition of 25^il of the 
compounds of Fonnula (1) at concentrations between l-lO^lM. 'I he plates are 
allowed to incubate for tlic appropriate time, as indicated ut a humidified incubator at 
5 37°C with 5% CO2. At tlic end of the incubation period, supernatant is removed and 
assayed for lL-8 conceniradon using an lL-8 ELISA kit obtained from R&D Systems 
'(MiimeapoUs. MN). All data presented is as a mean value (ng/ml) of multiple 
samples based on the standard curve. lC50*s wherc appropriate are generated by 
non-linear regression analysis. 

1 0 

'Ilie above description fully discloses \l\c invention including preferred 
embodiments tliercof. Modincalioiis and improvements of tlie embodiments 
specifically disclosed herein are wiUiin tlie scope of the following claims. Without 
further elaboration, h is believed that one skilled in die are can. using the preceding ^ 
1 5 dcscripuon, utilize tltc present invention to its fullest extent, llicrcfore the Examples 
herein are to be construed as merely illustrative and not a limitation of Uie scope of tl>e 
present invenuon in any way. Tlie embodiments of die invention in wliich an 
exclusive property or privilege is claimed arc defined as follows. 



I 
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Wliat is Claimed is: 

1. A com|X)und of the foniiula: 

R -C 

3 

wiicrciii 

Rl is a mono- or di- substituted 4-quinoiyl. 4-pyridyl, 1-imidazolyl. 1- 

benzimidazolyl. 4-pyrimidinyl wl>erein ilie subsuiuciu is independently 
selected from the group consisting of hydrogen, C 1-4 alkyl, halo. O-Cl-4 
1 0 alkyl, S-Cl-4 alkyl, or N(Ra)2; 

Ra is hydrogen, Cl-6alkyl, or Ra may fomi a heterocyclic ring of 5 lo 7 members 
together witli Uie nitrogen, said ring optionaUy containing an additional 
heteroatom selected from Uie group consisting of oxygen, sulfur or nitrogen; 
R2 is mono- or di-substituted phenyl wherein the subsitutcnis are independenUy 

1 5 selected fmm the group consisting of hydrogen, halo. S(0)mR5. 0R6. halo 

substituted Cl-4 alkyl. Cl-4 alkyl, or N(Ri2)2; 
R4 is hydrogen, Ci-10 alkyl, C2-10 alkenyl. C2- 10 alkynyl. C3.7 cycloalkyl. C5-7 

t 

' cycloalkenyl. heterocyclic, lieterocyclicalkyl. aryl, aryl alkyl, heteroaryl, 
heleroaryl alkyl ; 

2 0 R3 is (X)r-(Q)s-(Y)i; 

X is hydrogen. -(C(Rio)2)n . -NR13. -O- or S(0)m; 
r is a number having a value of 0 or 1; 
m is a number having a value of 0. 1 or 2; 

Q is alkenyl. alkynyl. cycloalkyl. cycloalkenyl. heterocyclic, heterocyclicalkyl. aryl, 
2 5 arylalkyl, heleroaryl. or heieroarylalkyl; 

s is a number having a value of 0 or 1 ; 
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Y is a substitucnt selected fru.n tJ.e group consisting of hydrogen. Cmo alkyl. 

halo-substituted CMO alkyl, halogen. -(C(R,o)2)nOR8. -(C(R,o)2)nN02. 
-(C(R,0)2)nS(O).„-Rl 1. -(C(R.0)2)nSR8. -(C(R,o)2)nS(0)„vOR8. 

-(C(R.o)2)nS(0).„-NR8R9. -Xa-P(Z)-(X3Rn)2. -(C(R,o)2)nNR8R9. ^ 
5 -(C(R,o)2)nC02R8. -(C(R,o)2)nOC(0)-R8. -(C(Rio)2)nCN. 

-(C(R,0)2)nCONR8R9, -(C(R,o)2)nC(S)NR8R9. -(C(R,o)2)nNR,oC(0)R8. 
.(aR,o)2)nNR,«C(S)KR.-(C(Ru))2)nNK.oC(Z)NRRR9. 
.(C(R,o)2)nNR.oS(0)„,Rn.-(C(Ru,)2)nNR.oC(=NCN)-S-Rn. 
-(C(Rto)2)nNR.oC(=NCN)-NR8R9. -(C(Rto)2)nNR.uC(0)C(0)-NR8R9. 
1 0 -(C(R,0)2)n NR,oC(0)C(0)-ORto. -(C(R,o)2)nC(=NR,o)-NR8R9. 

-(C(R,o)2)«-C(=NR,o)-ZRn.-(C(R.o)2)n-OC(Z)-NR8R9. 
-(C(R,o)2)nNRloS(0).„CF3.-(C(R,o)2)nNRioC(0)ORio; 

t is a number having a value of 0. 1 . 2. or 3; 

Xa is independently -(C(Rio)2)n. NRs-. O- or -S-; ^ 
15 Z is oxygen or sulfur, 

nr is a number having a value of I or 2; 
• • „ is a number having a value of 0 to 10; 

Rs' i. hydrogen, C,.4 alkyl. C2.4 alkenyl, C2.4 alkynyl. C3.7 cycloalkyl. C5.7 ^ 
, cycloalkenyl. a^l. o, N(R7l2-, P-rded U,a, when n, U 1 or 2 U,en R5 is no, 

2 0 hydrogen. 
^ Re is hydrogen. C,.4 alky,, halo s-bs,i.u,ed CM alkyl. C2.4 alkenyl. C2.4 alkyny,.. 

C3 7 cycloalkyl. C5-7 cycloalkcnyl. or aryl; , 
R, is hydrogen. C,.4 alkyl. C2.4 alkenyl. C2-4 alkynyl. aryl. or n,.y form a 
hoerocydic ring of 5 >o 7 ■nen.l.rs .ogeLcr wld, .he ni^gen. smd r,ng 
2 5 opdonall, confining ^ addiUonal hceroa.om seleced from O-e gnnrp 

consisung oCo.y.en. sulfur or niuogen; provided d,a. when R, is N(R,). 
then m is 1 or 2; 
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, R. is ,.y<l„,g=n, C,.,0 al-^y. C2.ia a..cn„, C2-,0 *y.,y.. C3.7 cyCo^M. C^-V 
' .yclo*.ny,. ,.,cr«cyclic. l..e,«ycUc alkyl, ar,! ao'l alKyl. -e-oaryl, 

lieieroar>'l alkyl ; 

H, is UycUoge,,. C,.,0 a-^yl. C2.,0 alkenyi. C2.,0 ^kvnyi. C3.7 cyCo^kyl. C5.7 
5 cydoalkoyl, ^1. aryl alkyl, l.e>=r„a,yl, toeroa.yl alkyl or R, a..d R, may 

,ogcto fonn a h«rocyclic mg of 5 .0 7 members »B=to wiU, U>c 
,togen, said ring cpuonally comalcOng an addiUonal l.c»=.,>a,om seleced 
from the giBUp consisliiig of oxygen, sulfur or nittogen; 

RlO is hydrogen, or C|-4 alkyl; 
1 0 Rn isCl-l0alM.C2- 10alkenyl,C240alkynylX3-7cycloal^^^^ 

cycloalkcnyl. aryl. aryl alkyl. hcieroaryl. heieroaryl alkyl ; 
^ R., is hydrogen. Cm alkyl. aryl. or n.ay fonn a heterocyclic ring of 5 to 7 n,cn,hers 
logclhcr with the nilrogcn; 
R,3 is hydrogen, C,.,0 alky,. cyCoalkyl, he,er<.yUc. a^-l. aryl aikyl. heieroaryl. or 

1 5 heieroaryl alkyl; 

or a phannaccutically acceptable salt thereof. 

2. The compound according to Claim I wherein Rl is a mono- or di- 
substituted 4- pyridyl or 4-quinolyl. 

3. -n,c con,pound according to Cl.im 2 wherein s is 0. 

4. nic compound according to Claim 3 wherein r is 0. 
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5 'n.e contpound according to Claim 4 wherein Y is alkyl. 

-(C(R,o)2)nOR8. -(C(R.0)2)nS(O)„vRn. '^^^^^'f "'^'p(^wx3Rn)2. 
,C(R.0h)nS(O).-OR8. -(C(R.oh)nS(0).-NR8R9. '^^^^^^^^^"^ 
-(C(R,o)2)nNR8R9. -(C(R,0)2)nC(Z)OR8.-(C(Rl0)2)nOC(Z) Rg. 
-(C(R;oSnC(0)NR«R. -(C(Rto)2)nNR.oCC=NCN)-NRsR9. or 
3 0 -(C(Rio)2)nNRioS(0)mRi I. 
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;, 6. llic compound according lo Claim 5 wherein Y is alkyl. 

-(C(Rio)2)nOR8. (CH2)„S(0)mRG. (CH2)nC02R8. -(C(R|o)2)nNRioC(=NCN)- 
'NRiR9. -(C(Rio)2)nNR8R9. -Xa-P(Z)-(XaRi3)2 ; and n is 0 to 4. 

5 I 7. 'Hic com|XJund according to Claim 2 wherein s is 1. ^ 

8. The coni|X)und according to Claim 7 wherein Q is aryi or 

hcieroaryl. 

1 0 9. Tlic compound according to Claim 8 wherein Y is alkyl, j ^ 

-(C(Rio)2)nOR8. -(C(Rio)2)nS(0),n'Rn. -(C(Rio)2)nSR8. 
-(C(Rio)2)nS(0)m'OR8, -(C(Rio)2)nS(0)m-NR8R9, -Xa-P(Z)-(XaRi3)2. 
-(C(Rio)2)nNR8R9. -(C(Rio)2)nC(Z)OR8. -(C(Rio)2)nOC(Z)-R8. 
-(C(Rio)2)nC(0)NR8R9. -(C(Rio)2)nNRioC(=NCN)-NR8R9. or 

1 5 -(C(Rio)2)nNRioS(0)n,Rii. 1 5 

10. The compound according to Claim 8 wherein r is 0, or r is 1 and 
X is-(C(Rio)2)n- 

2 0 11. The compound according to Claim 8 wherein R4 is hydrogen or 

alkyl. 



12. The compound according lo Claim 2 wherein R2 is a mono- 
substituted phenyl wherein llie substitiiients are independently selected from the 

2 5 group consisting of hydrogen. haJo. S(0)niR6. OR9. or Ci-4 alkyl. 

13. Tlic compound according to Claim 2 wherein Ri is 4-pyridyl 
optionally substituted in the 2-position witii a Ci^ alkyl. 



3 0 14. Tlie compound according to Clain> 1 wherein R2 is a mono- 

substituted phenyl wherein the substiiutcnls are independently selected from tlie 
group consisting of hydrogen, halo, S(0)n,R6. OR9. or Ci-4 alkyl.; r is 0. s is 1. Q 
is aryl, Y is hydrogen, alkyl. -(C(Rio)2)nOR8. -(C(Rio)2)nS(0)m*Rl I. 
-(C(Rio)2)nSR8.-(C(Rlo)2)nS(0),n'OR8. -(C(Rio)2)nS(0),n*NR8R9. 

3 5 -Xa-P(Z)-(XaRl3)2.-(C(Rio)2)nNR8R9. -(C(Rio)2)nC02R8. 

-(C(Rio)2)nOC(0)-R8.-(C(Rio)2)nCONR8R9.-(C(Rio)2)nNRioC(=NCN)-NR8R9. 

or -(C(Rio)2)nNRioS(0)mRl I. ^4 is hydrogen or mcdiyl. Rs is hydrogen. Cm 
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alkyi, or may oplionally cyclizc wiiJi R9 to fonn a 5 tncinbered heterocyclic ring 
togeilicr witli tJie nitrogen to which tlicy arc attached. 



15. The compound according to Claim I which is 
5 l-(4-pyridyl)-2-(4-nuorophenyl)-4-phcnyhmidazolc; 

1 -(4-pyridyl)-2-(4-nuorophenyl)-4-(4-hydroxypheny 1) injidazole; 
l-(4-pyridyl)-2-(4-nuorophcnyl)-4-(4-iJiiomclliylphcnyl) imidazole; 
l-(4-pyridyl)-2-(4-nuorophenyl)-4-(4-metliylsuirmylphenyl) imidazole; 
l-(4-pyridyl)-2-(4-nuorophcnyl)-4-mciJiylimidazolc; 
1 0 l-(2-methylpyrid-4-yl)-2-(4-nuororphenyl)-4-(4-ihiomcUiylphenyl)imidazolc; or 
l-(2-mcthylpyrid-4-yl)-2-(4-nuorophcnyl)-4-(4-methylsuinnylphcnyl)imidazole. 



16. A pharmaceutical or veterinary composition comprising an 
effective amount of a compound according to Claim 1 and a phannaceuiically or 
1 5 veterinary acceptable carrier or diluent. 
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17. The pharmaceutical or veterinary composition comprising an 
effective amount of a coinpound according 10 Claim 15 ajid a phannaceutically or 
veterinary acceptable carrier or diluent. 

18. A melliod of treating a cytokine mediated disease in a human in 
need of such ircatmenl, which comprises administering to said human an effective 
cytokine interfering amount of a compound of Formula (I), according to Claim 1. 

2 5 19. Tlie method according to Claim 18 wherein the cytokine inliibited 

islL-l. 

20. Tlie method according to Claim 18 wherein the cytokine inhibited 

! is TNF. 
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21. Tlie method according to Claim 18 wherein the cytokine inliibited 

is iL-8. 
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22. Tlie method accorduig to Claim 18 wherein the cytokine mediated 
disease is septic shock, cndoioxic shock, gram negative sepsis, or toxic shock 
syndrome. 
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23. Tlie method according to Claim 18 wherein the cytokine mediated 
disease is bone resorption diseases, graft versus host reaction, atherosclerosis, 
arthritis, osteoarlliritis, rheumatoid anliritis. gout, psoriasis, or topicaJ inflammatory 
disease stales. 

5 

24. llie mctJiod according to Claim 18 wherein ilie cytokine mediated 
disease is adult respiratory distress syndrome, asthma, or chronic pulmonary 
inflammatory disease. 

1 0 25. The method according to Claim 18 wherein Uie cytokine mediated 

disease is Crohn's disease, ulcerative colitis, or inflammatory bowel disease. 

26. 'Hie meiluxl according to Claim 18 wherein tlie cytokine mediated 
disease is cardiac and renal reperfusion injury, tlirombosis or glomerulonephritis. 

1 5 

27 Tlie method according to Claim 1 8 wherein tlie cytokine mediated 
disease is cachexia. 

28. Tlie meUiod according to Claim 18 wherein die compound of 

2 0 Fontiula (I) is 

l-(4-pyridyI)-2-(4-fluorophenyl)-4-phenylimida2oIe; 
I -(4-pyridyl)-2-(4-nuorophenyl)-4-(4-hydroxyphenyl) imidazole; 
1 -(4-pyridyl)-2-(4-fluorophenyl)-4-(4-iliiomeliiylphenyl) imidazole; 
1 -(4-pyridyl)-2-(4-nuorophenyl)-4-(4-meUiylsulfinylphenyl) imidazole; 
:2 5 1 -(4-pyridyl)-2-(4-fluorophenyI)-4-mediylimidazole; 

^ l-(2-metliylpyrid-4-yl)-2-(4-nuororphenyl)-4-(4-thiomelhylphenyl)imidazole; or 
l.:-(2-meUiylpyrid-4-yl)-2-(4-nuorophenyl)-4-(4-methylsulfinylphenyl)imidazole. 

I 29. A metiiod of treating a cytokine mediated disease in an animal, 

3 0 excluding humans, in need of such treatment, which comprises administering to said 

human an effective cytokine interfering amount of a compound of Formula (I), 
according to Claim 1. 

30. Tlie method according to Claim 29 wherein the cytokine mediated 
3 5 disease is a viral infection. 
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